

87/459058 



C-612 - 



PIT355 





COMBINED PRINTER AND FACSTMTT.K APPARATUS 



AND METHOD FOR THE USE THEREOF 




FIELD OF THE INVENTION 



i 



This invention relates to a printing device 



and a method for* using the same, and is especially 
directed to a laser printer of the type adapted to 
serve as a printer for a microcomputer, wherein the 
device is especially adapted to receive and print 
facsimile images. 



response to the reception of signals from a micro- 
computer, such as an IBM PC or the like, are well 
known. In a typical printer of this type, a memory 
is provided for storing image signals from the mi- 
crocomputer. The microcomputer formats the signals 
in the manner required for the printer, and the 
printer memory is adapted to store bit mapped image 



BACKGROUND OF THE INVENTION 



Laser printers for printing images in 
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pages of Images prior to initiating printing. The 
printer sequentially reads out from the bit mapped 
memory to modulate the light beam of a laser diode. 
The light beam of the laser diode is controlled to 
scan a photoconductive drum, for example by the use 
of a rotating polygonal mirror. The image thus 
stored on the drum is then developed and transferred 
to paper or the like in a manner conventional to 
xerographic copying devices. 

Typical laser printers of this type are dis- 
closed, for example, in U.S. Patent Nos. 3,816,652; 
4,383,755 and 4,783,680. 

Laser printers of this type are generally 
controlled to provide resolutions of about 300 dpi. 
Vertical resolution is a function of the rotational 
rate of the polygon mirror, while horizontal resolu- 
tion is determined by the control rate of switching 
of the laser diode. 

In the conventional use of a laser printer 
to print fax images, an accompanying microcomputer 
is provided with a fax modem, and circuitry adapted 
to demodulate and decompress the signals. The micro- 
computer converts the signals to be compatible with 
the format of the laser printer, and transmits sig- 
nals in accordance with this format to the printer. 
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This technique lias a number* of disadvantages 
resulting from the different resolutions of the fax 
images and the normal printer characteristics. Thus, 
group 3 fax operates at resolutions of approximately 
96x204 or 196x204 lines per inch. Since the resolu- 
tions of the fax images are not even submultiples of 
the resolution of the conventional printer images, 
interpolations must be provided to match the fax im- 
ages to the format of the normal printer resolution, 
and various lines of the image must be repeated. 
This results in degradation of the printed fax im- 
age . 

Even greater degradation occurs with half 
tone images since the spot size is too large. A fur- 
ther disadvantage of the above technique is that the 
page throughput rate is very slow. The inputting of 
the fax signals directly into the microcomputer also 
does not provide a ready source of signals for the 
screen display of the microcomputer, due to the sub— 
stantially lower resolution of the screen. In addi- 
tion, this technique requires the provision of a 
modem, fax board and :anal^ phone line connected to 
each microcomputer, and frequently does not permit 
use of the respective microcomputer during the 
reception of a fax message. 
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Consequently, current: laser engines are 
adapted to serve either as a rax printer or a 
printer for microcomputer signals, but not both. 

SUMMARY OF THE INVENTION 

The present invention is therefore directed 
to the provision of a J ' economical laser printer or 
the like having the capability of directly receiving 
and printing fax images that are not restricted by 
the parameters selected or its operation as a PC 
printer. Accordingly the invention provides an appa- 
ratus that permits time sharing of the laser printer 
for a computer printing function and a fax image 
printing function, while requiring only a negligable 
cost increase over the system cost for the computer 
printer function. 

Briefly stated, a laser printing apparatus 
has a first port for receiving image signals, a 
memory for storing a bit map of an image correspond- 
ing to said image signals, a photoconductive sur- 
face, a source of a laser light beam, means for 
modulating the laser light beam with signals from 
said memory# and means for scanning said laser light 
beam across said photoconductive surface at a given 
rate. In accordance with the invention, a source of 



Page 4 



demodulated and decompressed fax signals is pro- 
vided, and means are provided for storing either a 
200x100 or 200x200 pixel/inch bit map of images 
corresponding to said demodulated and decompressed 
fax signals in the memory. Means are also provided 
for controlling the scanning means to scan the sur- 
face at a rate that differs from the rate selected 
for use as a computer printer. 1 ^ 

The apparatus means for controlling the 
scanning is preferrably responsive to the receipt of 
demodulated and decompressed fax signals to change 
the speed of scanning of the laser light beam. The 
source of demodulated and decompressed fax signals 
preferrably comprises a second port for receiving 
fax signals, and means for demodulating and 
decompressing signals from the second port. The ap- 
paratus for scanning may comprise a polygonal mirror 
positioned in the optical path of the light beam, 
and a motor for rotating mirror, whereby the means 
for controlling said scanning means comprises means 
for controlling the rpm of the motor. 

In a further feature , a laser printing appa- 
ratus has a first port for receiving image signals, 
memory means for storing a bit map of an image cor— 
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responding to the Image signals, a photoconductive 
surface , a source of a laser light beam, means for 
controlling the light beam to have a given spot 
size, means for modulating the laser light beam with 
signals from the memory, and means for scanning the 
laser light beam across the photoconductive surface 
at a given rate. In accordance with the invention, a 
source of demodulated and decompressed fax signals 
is provided, as well as means for storing a bit map 
of an image corresponding to the demodulated and 
decompressed fax signals in the memory* Means are 
also provided for controlling the spot size changing 
means to change the spot size of the laser light 
beam to differ from the spot size chosen for com- 
puter printing. 

Xn this apparatus, the means for controlling 
the spot size changing means may comprise means 
responsive to receipt of the demodulated and 
decompressed fax signals for controlling the spot 
size controlling means. The source of demodulated 
and decompressed fax signals may comprise a second 
port for receiving fax signals, and means for 
demodulating and decompressing signals from the sec- 
ond port. The means for changing the spot size may 
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comprise means for pulse width modulation of the 
laser light beam. 

In accordance with a still further feature 
of the invention, a laser printing apparatus has a 
first port for receiving image signals, memory means 
for storing a page of a bit map of an image cor- 
responding to the image signals, a photoconductive 
surface, a source of a laser light beam, means for 
modulating the laser light beam with signals from 
the memory, and means for scanning the laser light 
beam across the photoconductive surface at a given 
rate. In this embodiment of the invention, a source 
of demodulated and decompressed fax signals is pro- 
vided, and means are provided for storing one or 
more bit maps of a page of an image corresponding to 
the demodulated and decompressed fax signals in a 
portion of the memory while reading out a bit map of 
another page of an image corresponding to the 
demodulated and decompressed fax signals to modulate 
the laser light beam. 

The invention also provides a method for 
producing copies of images in a laser printer of the 
type having a source of first and second image sig- 
nals, memory means for storing a bit map of an image 
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corresponding to the first and second image signals, 
a photoconductive surface, a source of a laser light 
beam, means for modulating the laser light beam with 
signals from the memory, and means for scanning the 
laser light beam across the photoconductive surface. 
Xn accordance with one feature of this method, the 
scanning means is controlled to scan the surface at 
a first rate while modulating the light beam with 
signals from the memory corresponding to the first 
image signals, and to subsequently control the scan- 
ning means to scan the surface at a second rate dif- 
ferent from the first rate while modulating the 
light beam with signals from the memory correspond- 
ing to the second image signals. 

Still further, the invention provides a 
method for producing copies of images in a laser 
printer of the type having a source of first and 
second image signals, memory means for storing a bit 
map of an imajge corresponding to the first and sec- 
ond image signals, a photoconductive surface, a 
source of a laser light beam, means for modulating 
the laser light beam with signals from the memory, 
and means for scanning the laser light beam across 
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the pho t oconduct i ve surface. In this feature of the 
invention, the source of a laser light beam is con- 
trolled to produce a beam having a first spot size 
while modulating the light beam with signals from 
the memory corresponding to the first image signals, 
and to subsequently control the source of a laser 
light beam to produce a beam having a second spot 
size different from the first spot size while 
modulating the light beam with signals from the 
memory corresponding to the second image signals. 

BRIEF DESCRIPTION OF THE DRAWING 

In order that the invention may be more 
clearly understood, it will now be disclosed in 
greater detail with reference to the accompanying 
drawing, wherein: 

Fig. l'ls a block diagram of one embodiment 

of a microcomputer printer/ fax printer apparatus in 

accordance with the invention; and 

S 

Fig. 2 is a flow diagram illustrating one 
technique for controlling the apparatus of Fig. 1. 
DETAILED DISCLOSURE OF THE INVENTION 
Referring now to Fig. 1, a conventional 
printer apparatus is provided comprising a 
photoconductive drum 10, a rotatable polygon mirror 
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11, a mo "tor* 12 for* rotating the polygon mirror: , and 
a laser* diode 13 directing a light beam toward the 
mirror, whereby the laser light beam scans the 
photoconductive drum. A conventional transfer system 
14 is provided for transferring the image on the 
drum 10 to paper from a paper supply 15. Image sig- 
nals received at the port 20, for example a port for 
receiving signals from a microcomputer, are applied 
by a controller 21 to a video memory buffer 22. The 
controller 21 controls the application of the image 
signals stored in the buffer 22 to a video driver 2 3 
for modulating the light beam of the laser diode 13. 

In accordance with the invention, the appa- 
ratus also includes a fax port 3 0 for receiving fac- 
simile signals, for example via a telephone line. 
The fax signals are demodulated and decompressed in 
the conventional manner in the demodulator 31 and 
decompressor 32, and applied under the control of 
the controller to the video memory buffe r^ *2 3 - for 
modulating the light beam of the^ laser diode 13^^ 

In accordance with the invention, it is 
preferred that the controller 21 control the storage 
of data in the video memory buffer 22, during fax 
reception, in two pages. During the time that data 
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is being read out of each of the memory pages, trie 
data for trie next fax page is being written in the 
other memory page* This technique speeds the print- 
ing of the fax image. When printing "normal" Group 
III fax images at approximately 100x2 00 lines per 
inch, the memory can be devided into thirds to fur- 
ther aid the fax printer throughput. 

In order to avoid conflict between operation 
of the printer in the conventional manner, and oper- 
ation thereof to print fax images, the controller 21 
may be provided with control lines 27, 2 8 to block 
reception of microcomputer or fax images from the 
ports 2 0 and 3 0 when data is being received from the 
other port. Such blocking of a port should be ef- 
fected such that a busy signal is communicated to 
the input line that is not currently active. 

As discussed above , the motor 12 of conven- 
tional laser printers rotates the mirror at a rate 
to provide a printer resolution of about 300 dpi. 
This resolution is not desirable for fax images 
which may have resolutions of, for example, about 
96x204 or 196x204 lines per inch. Therefore, in ac- 
cordance with one feature of the invention, the 
motor 12 is controlled by the controller 21 to ad- 
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just the speed thereof for fax reproduction. This 
may be effected, for example, by controlling the 
speed of the motor 12 with a PLL controller 40, the 
frequency of operation of the PLL controller being 
controlled by a frequency control circuit 41. For 
example a crystal 42 having one operating frequency 
may be employed by the frequency control circuit 41 
for printing of images in response to image signals 
from the microcomputer, and a second crystal 43 may 
be employed by the frequency control circuit 41 for 
printing of images in response to the reception of 
fax signals at the fax port 30. It is of course ap- 
parent that more than one crystal may be provided 
for selective operation at different resolutions 
during the reception of fax signals, and that other 
techniques may be employed for controlling the speed 
of the motor . 

In accordance with a further feature of the 
invention; it is also desirable to control the spot 
size of the laser beam for the printing of images 
corresponding to signals received from the micro- 
computer and fax images. For example, when images 
are derived from the microcomputer, it is desirable 
to provide a spot size that is optimized for print— 
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ing text and solid areas at 300 dpi. This spot size 
tends to be too small for printing; fax text and 
solids and too large for fax half tones, however, 
and hence it has also been found desirable to vary 
the spot sizes for printing "normal" fax at approxi- 
mately lOO vertical scan lines per inch (for 96x2 04 
lines per inch) and "fine" at approximately 2 00 
vertical lines per inch (for 196x204 lines per inch 
and the "normal" and "fine" half-tone fax images) . 
For this purpose, for example, the video driver 2 3 
system may provide for pulse width modulation of 
light beam. This technique serves to effect a change 
in the spot size height as well as width since the 
laser printer employs xerographic printing techni- 
ques, and, in exposing a xerographic image with 
bias, there is a development threshold. Alternative- 
ly, the spot size may be controlled by controlling 
the drive current flowing through the laser diode, 
or optical diffusion may be employed by the mechani- 
cal control of suitable optical elements in the op- 
tical path of the light beam. 

The system illustrated in Fig. 1 may also 
include a manual spot size setting control 50 ena- 
bling the operator to determine the size of the dots 
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of the printed Image. This control may comprise, for 
example, several switches, whereby the controller 
may be programmed! to sample the switches to as- 
certain the desired spot size. In addition, the 
printer may include one or more font cartridges 51 
for use by the controller in establishing a bit map 
of the images corresponding to signals received from 
the microcomputer, as well as a Postscript inter- 
preter 52 to enable use of the Postscript protocol. 

The system may optionally be provided with a 
buffer 60 for storage of data received from either 
the PC port 2 0 or the Fax port 30. This buffer may 
be controlled by the controller 21 to store data 
received from either of these ports whenever the 
other port is currently busy, in order to avoid the 
necessity of blocking each port, as discussed above, 
when the other port is receiving signals. 

The system is also provided with a front 
panel control 70, enabling control of further func- 
tions of the system. 

Referring now to the flow diagram of Fig. 2, 
after the apparatus is powered up and initialized 
(Block 100) , the PC port and Fax port are monitored 
for the reception of input signals (Block 101) . If 
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the Fax port becomes active before the PC port 
(Block 102) , the PC port is then disabled. (Block 

103) unless a buffer memory 60 has been provided. 
The signals are then analyzed to determine the type 
of transmission (half-tone, user, or under control 
of the user via the front panel control 70) (Block 

104) . The mode of operation of the memory is now set 
by the controller to define two memory pages for fax 
reception, as above discussed (Block 105) and the 
speed of the motor and the size of the spot are ad- 
justed to be optimum for normal fax reception (Block 
106) . For example, the motor may be controlled at a 
rate such that each line of the image may be scanned 
exactly twice on the photoconductive surface. 
Alternately, each line of the image may be scanned 
only a single time onto the photoconductive surface 
if the shape of the spot is controlled to be ellip- 
tical for fax images* For this purpose, the control- 
ler may introduce a non— spherical optical element in 
the optical path during fax reproduction. 



received (Block 107) . If a front panel switch is set 
to display half tone (Block 108) , or if an analysis 
of the data (Block 109) results in the sensing of a 



A full page of the fax signals is now 
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half tone image signals (Block HO) , the spot size 
of the beam is reduced (Blocks 111, 112) . If the 
printing mode is set to be coarse (Block 113) , for 
example at the front panel, the output of the video 
data is doubled (Block 114) . Otherwise the regular 
video is output to the video memory buffer page in 
which data is currently being stored. Following the 
storing of a full page, a test is made (Block 116) 
to determine if another page of data is to be 
received. If so, the program jumps back to Block 
107. Otherwise, the PC port is now enabled (Block 
117) to return the apparatus to its original state. 

If signals had first been received at the PC 
port (Block 150) , the Fax port is disabled (Block 
151) unless a buffer memory 60 has been provided, 
and the video memory is controlled to be operative 
as a single page memory (Block 152) . The motor 12 is 
now controlled to provide 300 sweeps/inch, and the 
spot size is controlled to have its normal size for 
conventional prints (Block 153) . It the print com- 
mands are Postscript commands (Block 154) , the in- 
terpreter 52 is called (Block 155) to enable the in- 
terpretation of the signals. Otherwise the font 
cartridge 51 is employed to develop the bit map in 
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"the memory 22 for the image . The paper drive of the 
printer is now turned on (Block 157) and the video 
data is output to the video drive to control the 
laser diode. Following the printing of the page, the 
program j umps back ( Block 159 ) to Block 154 if an- 
other page is to be printed. Otherwise the Fax port 
is enabled (Block 160) and the system returns to its 
initial state (Block 118) . 

The system of the invention therefore 
enables the use of a laser printer of the type con— ' 
ventionally employed for printing the outputs of mi- 
crocomputers and the like, to also print fax images. 
The system requires a minimum of modification of the 
conventional printing structure, and hence provides 
an inexpensive solution to the problem of printing 
quality fax images. The quality of the reproductions 
are much better than obtainable with conventional 
thermal fax devices, especially since the reproduc- 
tions may be made on plain paper. 

It is of course apparent that digital 
filtering may be provided for the fax signals, if 
desired, to reduce image raggedness and noise. 

While the invention has been disclosed and 
described with reference to a single embodiment, it 
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will be apparent: that variations and modification 
may be made therein, and it is therefore intended in 
the following claims to cover each such variation 
and modification as falls within the true spirit and 
scope of the invention. 
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